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ST?ESS ANALYSIS OF MONOCOQUE FUSELAGE BULKHEADS

BY THE PHOTOELASTIC METHOD

By Benjamin ¥, Ruffner

" SUMMARY R

An investigation was made to determine the possibil-
ity of using the photoelastlic method for the stress analy-
sis of bulkheads in monocoque structures. The method was
applied to several typleal bulkheads including a circular
ring with floor beam, & circular ring attached %o the mailn
wing spar, and a flyilng-boat bulkhead., MHethods for the
construction of models and test technique are given,
Tests of circular ring models were masde to detsrmine the N
effect of the skin thickness on the model results. Cor- T
rection factors .for the elimingtion of skin effect are in-
cluded, The results indicate that the photovelastic method -
ig quite accurate. The method i1s récommended for use T
where bulkheasds with a largs number 6f redundancies are '
present,

INTRODUCTION e

Since the monocogque and the semimonocoque types of
construction have come into general use, many analytilcal
methods of stress anslysis of stiffening rings and bulk- _
heads have been published. The simplest type, the circu-
lar ring of constant Yending stiffness, offers some aha—
lytical difficulty although many special cases 6f loading
for this type have been treated (referemces 1, 2, and 3).
Certain general methbds of analysis of noncircular, non-
uniform rings have been discussed (references 4 and 5),
but the use of theseo methods involves either extremely
complicated analysis or laborious graphical methods. In
actual aircraft structures circular ring bulkheads of b
unliform section are usually not the most efficitent desigan,

In many actual cases the analysis of the bulkheads is
further complicated by the attachment of floor beams, wing
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beams, and other members. - These members, 1f tied into the
bulkhead, tend to incréase the number of redundanciles,

Thig increase affects the stress distribution in the dulk-
head and greatly complicates the problem of analyesis. Al-
though sbome of the analytlcal methods digcussed in the ref-
erences may be used in the general case, they are so labo-
rious and the possibility of serror is so great that they
are impractical for uwse .in roub@ne design.

Several years ago it was pointed out (reference 6)
that tho photoelastic method could be used for the solution
of this bulkhead problem, The purpose of the iavestliga-
tion reported herein is to develop a technique for the pho-
toolastic solution of thoe problem. The proesont report
“deals with the construction of the models, the methods of
"loading, certain short cuts in the analysis of bending mo~
ment that scem to be Justified, and the effect of certain
_ variablos on the accuracy of the test mesthod.

LPPARATUS

. Tho apparatus used in. the .tests reported 1s located
in the photoelastic laboratory at QOregon State College.
The light source on the photoelastlc polariscope conslste,
of a typo H-4 mercury vapor lamp. Light filtoers are usocd
to transmlt the green light, in the mercury vapor spec-
trum, having a wave length-of 5460 angstrom units. The
polarized field in which models may be placed is 6% inches
in diameter. The image of the stressed model 1s focused
either on a screen or on a .photographic £film, > The 'light
in the working field is circularly polarized by meang of a
62-inch $heet ‘of Polaroid and a Gg—inch ocne-gvartsr wave
plate, The afalyzér units consist of another 6%-inch one-
quarter wave plate and another 6%-inch .sheet of Polaroild.
A photograph of the polariscope is shown -in figure l.___

Material selected for ‘the constructlon of the models
wds Bakelite BT-61-893. This material may be easily ma-
chined, peclished, and annealed and has .a high elastic
limit and a high stress—optic coefficlieant. .
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CONSTRUCTION AND MOUNTING OF MODELS

"-In order to obtain god results from photoelastic tests,
it 1s important that the models being tested be properly.
designed and constructed. The faces of the model perpen-
dicular to the path of the light in the polarigcope should
be true plane surfaces, free from scratches, and highly
polished, When tested, the models should, 1In the unloaded
condition, be free from initial stress or its optical
equivalent. Whenever possible the model should be. geomet-
rically slimllar to the actual structure. In many models,
however, geometric similarity is not possible because of
the requirement that the faces of :the model perpendicular B
to the light path be parallel. _ L -

In the present investigation of bulkheads or stiffen-
er rings in monocoque structures, the largest stresses in
these rings are those due to bending. If the model is so
deslgned as to represent the propsr distributlon of bend-
ing moment in the bulkheads, the results obtained from the
model tests will be satisfactory. Many full-scale bulk-
heads and stPiffener rings are constructed of built-up sec~
tions, I sections, T sections, or other extruded sections
of various shapes. In the design of models of these full-
scale structures it is usually simplest to have the mqdel
of constant thickness and %0 vary the depth of the cross
sectlion at each point in such s way that the ratio of the
bending stiffrness of any. section of . the model %o bending
stiffness of the corresponding full-scale section is the
same for all cross sections. The shape.of the neutral
axls on the model should then be geometrically similar %o
the full-scale original. The bending stiffness will be
designated by EI, which is the product 6f the modulus elas-
ticity and the moment- of inertia of the section in the
plane ‘of bending. If the model is designed in this fash-
ion, the distribution of bending moment in the model will
be very close to the distribution of bending moment in the
full—scale structure. -

If extreomely heavy and’ stiff bulkheads are being teost-
ed in which the shear stresses areé large as compared with
‘the stresses due to bending, thén it may be necessary to
build a model of varying thickness., .In'most practical
cases, however, such construction may be avoided.

The material for the model, Bakelite BT-61-893, 1is
available in sheets of various thickhesses from 1/4 inch
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to 1/2 inchs The procedure used for: the construction of
the models was as follows:

1. The outlines of the model were accurately laid
out on the bakelite sheet and were scribed lightly on the
surfacs.

S 2. The model. was cut to w1th1n about 3/32 or 1/8
.inch .of the-scribed. lines.on a. jigsaw. In this operation
a fine, sharp saw was used.and the materlal was cut slowly,
care being taken that the material did not become heated.

‘B The faces of the model were sanded and polished,
A power sander was used. until the surface was faeirly smooth
and the model was of constant thickness, The model was then
pollshed on a polishing lap, levigated alumina was used as a
polishing abrasive. :

4. . The model _was annealed after polishing to remove
any initial stress- or optical birefringence. The anneal-
ing oven used holds a temperature of 260° F for 12 hours
and then cools at the rate o£_16° F per hour down to room
temperature.

5. Sometimes; éftérfénhéaling; a small amount of
polishing was necessary.

6 - The model ‘Was. cut to. final dimensions by one of
the methods discussed.in the follpwing paragraphs. The
final model should. have.its -faces parallel, its corners
square and. sharp, and its faces free of scratches.

The model may ba cut to final shape with many types of
machine tools, .I% . is important ta be sure thet tools are
gsharp . and that_final finishing cuts are very light in order
. not to introduce machining étreéses~into the model.

The clrcular rings shown in figure 3 were all cut on a
small bénch lathe, Thé model was first cemented to a
smooth wood face plate, using Dennison!s or Duco household
cement or similar adhesive to hold the model on the face
plate. Urnder no conditions should the model be held di-
rectly in the Jaws 0f & chuck because stresses may be in-
troduced., The model was cut with .a sharp tool to final
size, The .last few cuts .did not remove more than_l/lOOO
of an inch, The model was then removed from the wood face
pPlate by soaking in acetone, which dissolves the adhesive
used but does not affect the .bakelite or the polish .on the
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surfaces Once the model has been cut, it should not be
polished again as polishing at this point may round the
corners and interfere with the determination of edge
stresses. The model was tested as soon as possibdble aftor
comnletion as effects of birefringencse begin to appear

on the model a short time afterward. 4 photograph of a
clrcular ring model set up in the lathe is shown in fig-
urc 4. . .

For cutting nodels.having straight edges, the use of
a milling machine 'is guite satisfactory. Here again,
howover,.modelsfshould-be cemented to a wood block rather
than held direcetly in a vise., It ig important to usec a
sharp cutbter and to take small finishing cuts.

For cubtting modoels such as the flying-boat bulkhead,
model 7 (fig. 3), a vertical mill or shaper is very con-
venient., A metal ‘template #=T (fig. 3) was. first cut out.
The drawing of the bulkhead model and. template is shown
in figure 5., This template was 0. 032 inch undersige on
all edges. In filgure 6 ars shown the method of attaching
the model to a wood face plate and the method of attaching
the metal template to the bakelite stock. A hardened and
ground steel collar was fitted over the miliing cutter and
adjusted %o ride against the template. The thickness of
the wall of this collar was the same as the -amount that
the template was cut under size, in this case 0.032 inch.

In some cases it may be necessary to feed :the model into
the cutter by hand. This mothod is qulte satisfactory if
care 1s taken not to feed too rapidly. -If possible, the
wood face plate should be mounted in a compound rest.. Fecdw
ing screws should be used. Figure 7 shows the model set up
in the vertical mill, The wood and template may be Tomoved
from the model by soaking in acetone in the same manner as
previously described.

With the oxception of a few preliminary tests on the
circular rings, all models wére supported as bulkheads in
monocoque structures. Loads were applied directly %o
these bulkheads and the reactions were taken through the
thin skin., For test purposes it was found most convenient
to mount the bulkheads at one end of a cantilevor tube as
shown in figures 8, 9, &nd 10, Severﬁl materials for the
skin were trisd, including cardboard, fiber board, and
celluloid. All these materials can be usod but thin sheet
cellulold was found to be by far the most satisfactory. =
In the construction of these models several requirements
must be met: IFirst-, the light rays in the polariscope

e e r—— ———
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must pass through the model unobstructed by the skin or
supports. Second, the loads must be applied to the bulk-
head. Third, the mounting must be rigid in order that

the defloctiong under load are not so great as to movo the
modol into a position where the light will bs obstructed.

In order to keep the light path free so that edgse
stresses on the model could be determined readily, a
glight taper, as shown in flgure 9, wae introduced 1nto
the gkin support of the model, The amount of taper was
varied on gseveral tests; about 2&%° seems to be the most
satisfactory amount. The procedure for constructing the
mounting for the model was as follows:

le. 4 drawing of the support was made.

2. A drawing of an accurate development of the skin
gsurface was made which was used as a pattern for cutting
the cellulold skin. Edges of this celluloid skin were
welded together as a butt weld with the inner surface
flush, A& cover plato of celluloid was used. The actual
weld wag made by moistening both thoe skin and the cover
vlate with acetone and clamping in place till dry.

3. A wood form wass cut out to hold the colluloid
skin., The skin was ccmentwd to thig form with Deannison's
or Duco housohold cemcnt, as shown in figure 9.

4, The bakolitc model was then cementod into the
skin with the same adhosive. A completed model of the el-
liptic ring is shown in figure 8,

In figure 10 ie shown a circular ring model set up in
tho polariscops for tost.

TESTS OF CIRCULAR RINGS WITH DIAMETRICAL LOADS

Tho problom of analysis of a bulkhead ring consists
fundamentally in dotermining the forces and moments at ono
or several sections. If thils procedure is followed, forces
and moments at othoer scotions of. the ring may be determincd
by applylng the principles of statice. In many practical
cascs, when tho bulkhead ig supported by a varylng shear
reaction in the skin to which 1t is attached, the prodlenm
in statles involved, oven after forces and moments at onoc |
sectlon are known, is still difficult to solve. It was

|
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belleved that, if the stresses at the inndr and outer fi-
bers of the bulkhead were known, the moments could be
calculated with sufficient mccuracy if linear distribu-
tion of the bending stress across the section were assumed.
From a photoelastic test it is a simple matter to deter-
mine the boundary stresses, It is well known that, 1f the
beam is curved, the assumpbtlion of linear stress distribus
tion does not apply, however, it may be demonstrated that,
as the ratio of the depth of the beam to the radius of the
curvature of the neutral axls becomes small, linear etress
distribution is approached. A series of tests was made to
determine what accuracy could be obtalned in practical -
problems if linear stress distribution were gssumed.

In a beam subjected to bending, the shear force per-
pendicularx to .the neutral axis 1s zero at .a section of '
maximum moment consequently, at such a ssction the princi~
pal stresses ‘are perpendicular and parallel to _thé_ neutral
axls and, furthermore,_the principal stress perpendiCular
%o the neutzal 'axis is gero 1f the boundaries are unloaded
(refesrences 7 and 8., In a field of circularly polariged
light, each interference fringe appearing 6n the image of
‘the photoelastic model represents the locus of points
where the difference between the principal stresses is equal
to a constant times the fringe order (references 7 and 8).
At a section of maximum moment, .therefore, the bendling
stresses may be computed directly from the fringe photo-
graph and a plot of bending stress against depth of beam
may very readily be made at this one section. If the’ dis-
"tribution of stress with depth of beam is known, ths bend-
ing moment due to these stresses may be accurately deter-
mined by a graphical integration.  In order to determine
the difference between the exact bending moment and the
approximate value obtained by assuming linear distribution,
a series of tests was run on four circular ring models of
congtant EI. These rings were subjected to concentratsd
loads on the dismeters, Models were set in the field of
‘the polariscope, loads were applied and a photograph of
the fringe pattern was taken. In figure 11 model 4 is
shown set up for diametrical "load -fest. In figure 12 is
shown the fringe pattern for model 4 loaded with = diamet—
rical load .of 51,3 pounds. -

In reference 1 the following formula (in substantially
the same form) is given for the computation of bending mo-
ments in a circular ring-of constant EI subJjecjed to di-~
ametrlcally opposed loads:
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M bending moment at any cross section of ring,
' pound inches :

'8 variable anglo' (Seec fié '9.)

W load anpliod to ring, pounds o, B o S

Ry moean: radiue, ‘incHes

I
il

This formula waa derived on the assumption that a

linear stress. distribution existed across the depth of the

ring seotion, that theé loaded ring is gt11l circular in

shape, and that the strain energy due to the axial loads

and shear forces is ‘negligible. .The .formula is included

here for’ purpoges of comparison of the regults .obtalned

from -the photoelastic tests with the approximate theoreti.

cal solution. Where the inner surface of the ring is in

tension, the moment is assumed to be positive. The lcad ..
ig assumed to be positive when 1t acts outwardly from the
'center. o :

N . : . . . _ -
- - -

In order %o determine the value of the-principal
stress difference corresponding to any particular fringe,
‘1t is necessary to know, .for the material and wava length
of 1ight usded, the value of the principal stress differ-
ence per fringe order. In order to obtain this value, a
rectangular. beam model 0.363 inch deep and 0.300 inch
thick was cut from the same material that was used for the

"rings., This model was supported as a simple beam of 4- e
inch span and was loaded with equal loads 1.0 inch from
each support. The equal loads were each 10,24 pounds,’
which gavo a maximum constant bending moment between the:
loads of 10,24 inch-pounds. The stress in the outer fi-
bers at a distance ¢ from. the neutral axis at the conter
ssction is given by the formula : - -

g = Me _ 10.24 X 0.1815 = 1555 pounds per square inch.
I o. 001195 e SR Do

Tiom the fringe photograph of® this calibration ‘bean” (fig,.
13) the fringe order at tho outer fibérs was detsormined
to be 5.15. This value gives a principal stross differ- '
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ence of 0Oy - 0Oz = 302 n, where n 1s the fringe order

for the mddel of 0:300-ihch thickness. Since, for a given
material and wave length of light; the stress per fringe
order is inversely proportional to the thlckness, the mate-
rial used may then be considersd to have a stress per
fringe order per inch thickness equal to K = 90, 6 pounds
per square inch per inch thickness.

T e e —

In table I are given dimensions of circular ring mod-
els. The symbols used for the dimensions are defined in
figure 2. In table II are shown the losds and moments =t
the point § = 90° for the four cirecular ring models teste=
ed., The moments were computed by two different methods.

The first method assumed that the stress distribution
across the section was linear. On the basis of this assump-
tion, the tensile stress 1is

_ Mc P
% =T *t1
and the compressive stress

where P 18 defined as the axlal force and A is the
cross~sectional arca of the ring. The sum of the tensile
and compressive stresses is, then, '

- 2Mc
¢ Sg T 71

Qr

a e Ise * sy)

2¢c

Since at the outer fiber one of the principal stressos is
zero and the other is equal %o elthor the tensile or com—
pressive stress, then . T :

SC—

S.b n

whero n, 1is the fringe order at the outer fiber on the
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comprossion side and ;nt is tho fringo ofdér at tho ouwter
fiber on tXe tension side.  Thorefore,

_ Ik (ng + mg)
2ch

or _
2
. . M = d k (nc + nt> (1)
. 12

From equaticn (1) 1t is apparent that the bending mo-
mont may be caleculated immediately from the photographle
ppttorn if the fringe orders on the compression and ton-
slon slides of the beam are known, In order to determine
these fringe orders, the fringe order may be plotted
against tho depth of the boam and values of fringe orders
at the boundaries may then be picked from the Jcurve. Fig-
ure 14 shows this plot for the peints €& = 90° and
@ = 270° for the test made on model 4, This plot was
made by measuring the location of the fringes on the pho-
tograph shown in figure 12. Hesults of these measure-
ments are given in table III. If great accuracy is not
desgired, 1t 1g unnecessary to plot the fringe order
against depth. In many cases the fringe orders may be de-
termined merely by inspection of the photograph. By 1ln-
spection the fringe order ¢édn -be détermined within 0.3
of a fringe order. If equatlon (1) is ‘applied to the test
on model 4,

M= = 20.55

(0.495)2 (80:6) (4.44 + 6.61)
12 T

This equation gives a valué of M/WRy as follows:

Mo 20.55 =.0.200
WRy 51.3 (2.002) '

At the section of maximum moment at the points

§ = 90° and § = 270°, as shown in figure 12, the stress
across these sectiong may be computed as in table III and
plotted as in figure 15, Thcese stresses are producd by
combined action of bending and axial loads. The average
stress across the cross section is givon by the mean ordi-
nate of the curve. The point in the cross soction where
the combined sftress is equal to the mean ordinato is theo
point of location of the noutral axis.

I
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The actual bending moment may be computed at these
polnte by finding the value

d. .
‘"M =nh J/1 o! y!' dy
)
where o' 4is the bending stress and y' is the distance
from the neutral axis. In table IV waelues of o' y' are

given, If the product ¢! y! is plotted against the depth
of the beam as in figure 16, the area urnder the curve is
the value under the integral in the equation for M. Bend-
ing moments at the maximum points were computed for all
four rings tested with diametrical loads, and the values
sre given in table II in the column headed "M/WRy (com-
puted from actual stress distribution)."

The average value of M/WRy at © = 90° for the four
rings was 0,2004 when the simplifying assumption of linear
stress digbtribution was made. The average value obtained
by the more lengthy graphical method, which is theoretical-
1y the more accurats, was 00,2028, The difference between
these values is about 1 percent, which 1is less than the ex-
perimental error normally present in any photoelastic test.
In view of the excellent agroement betwoen thess two meth-
ods, 1t is believed that tho uss of the assumption of lin-
ear stress distribution is fully Jjustified and this method
was used in all subsequont tests.,. T

The assumption of linear stress distribution makes the
detormlination of bending moments possible at all sections
merely by determining the boundary stressos. If these
boundarics are unloaded, the boundary stresses are princi-
pal stresses and one of them is zero. OConsequently, a
knowledge of the fringo orders at the boundaries immedlate-
ly gives the combined stross due to bending and axial load
and the bénding moments may boe computed by esquation (1).

Tho other method is applicable only to scctions of maximun
momont; it is fortunate, therefore, that the linear assump-
tion is Justified.

In figure 17 are shown curves of M/WRy agalnst 8
"calculated from Miller and Wood's theorotical solution
(reforonce 1) and from the fringe photograph of figure 12
by udéc of the assumption of linecar distridbution. The shapes
of the curves show excellent sgrcoment. The maximum dif-



12 NACA Technical Note ¥o. 870

ference between the two curves occurs at the polnt of max-
imum positive moment, The difference 1s about 10 percent

of the value obtalned from the photovelastic tests. OFf the
two, the results obtained from the photoelastic tests

should be the more accurate because the theoretical values »
are based upon a strain-energy solutlion in which the strain
energles due to shear and axial loads are neglected,

TESTS OF CIRCULAR RINGS SUPPORTED AS BULKHEADS

Both on the models and in actugl monocoque structures
the thin gkin attached rigidly to the bulkhead will re-~
llsve the bonding mement in the bulkhesgd. The skin acte
as a thin flange on a boam., The bending momcnts in the
bulkhead will depend both on the thickness of the skin and
the rlgldity of this shell structure in resisting deforma~
tion of the bulkhead. In the model tests, since the wood
support wgs extremely rigid as compared with the bulkhead
model, thls stiffness might be comnsiderably greater than
in a full-secale structure. This series of teste was run
on several circular rings of constant cross section to de-~
termine the effect of varlation of skin thickness and
length of support 1 on the bending moments taken by the
bulkhead models, The loade on these rings were applied
as shown in figure 9. Positive bending moments were as-
sumed to producs tension in the inner edge of the ring.

When the rings were loaded in this manner, the maximun
ben in§ moments in the rings occurred at approximatsly
8 = 75 The values of the moments at 8 = 75° were com-
puted for all tests as listed in table V. In the tests of
the diametrically loaded rings previously discussed, the
boundarles of the model except at the point of application
of- the concentrated loads were free of external strees and,
as a rosult, a determination of the tenslle or comprossive
strosscsg at the boundaries could be obtained dircctly from
a knowledge of the fringe orders. In the sorics of tests
with the rings supported by shear reactions in the skin,
the shear stress at the boundary of the bakelite models 19
not zero, In figure 18 is shown Mohr's circle diagram of
stress for the edge of the model attached to the skin.
- The stress 8y 1s the tensile or compressive stress at the

edge of the ring; sy 1s the shear stress, due to the skin,

on the outer boundary of the ring; and 03y - O 1s ths
difference botween the principal stressos and 1ls equal to



NACA Tochnica; Kote No. 870 13

a constant btimee the fringe order at the boundary. If the
angle ¢ (fig., 18) 'is small, cos $ is equal to approx-
imately 1,00, and -it may be assumod with negliglble exror
that  the tengile.stress -s; -1s equal %to.a constant timoeg
a fringe order.. L L ' S ;

_ 'In order to find out whother the angle @ is small,
a quantitative analysis of the values sg "and - sy was
madoc as follows: From reforonco 2, ' i '

s. = W egin g
8 mRh o

DR L L g 1,
..3 = o [? (= e? sié e + 5 cosJ

whore B corresponds to Ry as usod in;th{s_pgper&"
Therefore, AR SRR . . . e -

8g = Mo _ 8M_ _ _6WR [1 < (7 - 9) sin G + '-]2-.43-08 9] .

I . na® 2mhd?

From tho Mohr circlo diagram in figura 18, _s;é(cl—cé) cos P,
Also, from figure 18 et B ;f.? LT T ==

_f = tan™? 2%s

- o S.b' o [ - T _‘:. B —
therofore .. o *f o :” R S L
o 3W sin ] (hd ) -
tan ¢ =
mEh  (BWR) [ (w - e) sin 8 + l-cos e]
or . o " T : _ | : :
2 . . e ; .
tﬂl¢=§<g> i ﬂg? 1 : - . S
8 R/ [l -~ (m - 8) 8in § + 3 cos B} . '
In table VI values of tan P and cos § were computed for
a value of %-: %. This quantity represents the valus for T

the deepest model tested. These values of tan ¢ and
cos § are plotted in figure 19. .Except at the points
vhere the moment is equal to zero, the factor cos § 1is
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’"Qpnsidered'to be so little different from 1.00, particular-
1y atlphe_gaximum moment, that 8g 1is equal to a constan’t
times the principal stress differencs 0y = Oge 1n view

of the fact that e, has such a value, all the moments
were computed asg though the boundary shear 'stTOSE WOre
equal to zero and the moments could be obtalned in exact-

ly the: same way as in the tests of the rings under digmet-
rical load.

In figure 20 is shown the photoslastic fringe pattern
for model 4, test 5, with a load of 120 pounds and supvort-
ed in a skin of 0.020 inch thickness. The fringe ordsrs
for all fringes must be known. These may be obtained by
observing the formation of the fringes as the model is
loadsd.,. The location of the fringe orders at sectlons
g = x 75° are given in table VII., In .flgure 21 1s plotted
the fringe order against dietance from the outer . edge of
the model, The difference between the fringe orders on the
outer and inner eodges is 8.20 - (-4, 80) = 13.00;, By count~
ing the fringes and ostimating the fringe ‘order. at the
boundary, this same difference was determincd tJ be 12,95.
By use of equation (1)

M "%k (ajimg) | (0.0295)% (90.6) (33.0) - 0.0595
WRy 12 (WRy) 12 (120) (2.002) )

In table V are given the results of the complete se-
ries of tests on circular rings mounted and loaded as
shown in figure 9. In order that all results be put in
nondimenslonal form, the moments were all divided by WEM.
The length | of the cantilever support was divided by
Dy and the thickness of the oselluloid skin + was divided
by d. ZHResults of all thoge tests wore plotted as shown

in figure 22., The series of curves for various values of
}/Dy wero faired as a family. These curves wore then

cross~plotted as shown in figure 23 1in which the effectivo

thickness t, 1s defined by the equation

b = Boeilulold (y)
Bpakelite -

The curves in figure 23 indicate that as the length of the
cantilever support is increased, the value of the moment®
in the rings approaches asymptotic values at an I/DM ra-
tio of approximately 1.0. The effect of the skin on the
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nonents of the ring is quite large,. In these tests the
nodulus of elasticity E of the cellulold skin is approfe -
imately 150,000 and the modulus of elastlcity of the bake-
lite is 648,000. - )

In using the photoelastlc mothod to detormine the mo-
monts and forces 1n bulkhead models, it is recommended -
that all values of tests be correscted for the effect of i
the model skin and the length of support. If, for instance,
a test of a model is made at an 1/Dy ratio. of 0.4 and a
t/d ratio of 0,20, the moments in the model should them be
corrected by the use of figure 24, In figurc 24 the factor
T is plotted against 1/Dy for various valuos of %/d.
Thig factor ¥ may be written : : ) S

M /Mt—>0, 1 >

T = Why | WRy - L

At the values mentioned, F 1is equal to 0.83. The momonts
obtained in the test model, thercfore, should be divided by
0.83, Although this procedure will probably give values of
M somewhat higher than would actually be obtained in prac-
tico, it i1s nevertheless conservative and it 1s probable
that the skln effect on actual fuselages will be less than
on the model,

In several of the tests made, the models were so load-
ed that the thin skin buckled and formed tenslon fields.
On model 201, test 1, with a load of 16.05 pounde, the
skin did not buckle. When the load was increased to 20.60
pounds, very definite waves were formed in the skin, The
maximum velues of M/WRy, however, were very little dif-
ferent, being slightly less for the buckled condition. On
model 3, test la, the ekin wans not buckled under a load of
72,70 pounds but was buckled under a load of 90.00 pounds,
Again, the maximum momoent was affected very little

In figure 25 curves are plotted showing the variation
of moments with @. for a typical circular ring loaded as
shown in figure 9. In table VIII complete data are gilven,
The values of the fringe orders =ng, + ny were obtalned by
cstimating the fringe orders on the boundary of the model. -
Since the loading =and the ring were weéere both symmetrical,
the valucs were averaged at corresponding points on the
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two sides of tho ring. The values of M/WRy wero correct-

ed by the usc of the factor F in figuro 24. Alsoc plot-.
tod in figure 25 are theoretical valucs obtained by the
use of equations in referencc 2. 4s in the tests for dia-
metrical loads, the maximum momoents obtained from the tost
of the nodol are. somewhat higher than those given by the
thoorotical solution,

From thig series of tests, it appears that almost any
convenlont values may bec. selected for model dimensions,
skin thlcknesses, length of span, etec., and corrections
can be made in accordance with the method outlined. It is
recomnended however, ‘thet an average diameter of model of
3 to 3% inches. a cantilever span of about 1% inches, and.
a cellulold skin sbout 0,020 inch thick bs used, These
dimensions give a model of sufficiesnt size to be easily
worked and constructed.

TESTS OF TYPICAL BULKHEAD MODELS

Tegts of Model 8

Model 8 represents a typical bulkhead conposed of a.
floor beam attasched to a circular ring. Dimensions of the
model are shown in filgure 26. The fringe pattern of the
modsl loaded with a total load of 61.2 pounds 1s shown in
figure 27, Some stress analysts have analyzed this struc~
ture on the assumption that the floor beam merely trans-
forred the loads to the polints of attachment of the floor
beams to the rings. This assumption 1z noit Jjustifiled,
however, as the stiffness of the floor beam has a narked

effect on the distribution of stress in the ring as a wholse.

For this boam

| . , L
w/jwry = & & (e * nt) _ o 650412 (ng + nt)

"12 (WRy)
o= 1,70 _
and
Y. 0.020 5,003
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From figure 24, F = 0.,928. 1In table IX are shown the cal-
culations for the values of M/WRy at various points
around the ring. The theoretical valuocs in this table weFe’
obtained from an unpublished paper by Wayne Wiesner enti-
tled "Monocoque Fuselage Braced Circular Ring Analysia®,
which was written in 1940 in conmpetition for United Air
Line Scholarship Awards. The value of M/WRYM in the floor
" bean itself between the loads is equal to 0.0642.° Both
gsets of values, observed and theoretical, are plotted in
figure 2f¢

Thisg structure 1ls an excellent example of the valuse
of the photoelastic method. TFrom an analytlcal standpoint,
the structure has six redundancies.  In using the photo-
elastic method, however, the number of redundancies does
not complicate the analysis. Wiesner's theoretical solu-
tlon applies only %o structures where the moment of lnertia
of the ring is constant. The photoelastic method, however,
can be applled just as easily whether or not the nmoment of
inertias of the ring is counstant.

Test of Model 6

The main wing beams of nmany airplanes are attached
directly to a bulkhead. Model 6 (fiz. 3) represents such
a combination. In several airplanee having this type of
arrangement, the ratio of the moment of inertia of the
bearn to the roment of inortia of the bulkhead ring.was of
the order of 1000 to 1200. In order to obtain a stiffness
ratio this high in tho model, brass plates were bolted %o
the sides of the bakelite spar to stiffen that part of the
rnodel. The nodel was tested at a ratio of EI of the
beann to EI - of the bulkhead ring of 1142. The dimensions
of nodel 6, which is made of bakelite, are given in figure
28. The loads were applied a distance b from a center
line in such a way that the bending moment at the inter-
scction of tho spar and the ring would represent the mo-
ments that would be obtained on a nornal cantilever wing.
Figure 29 shows the fringe pattern obtained on the ring
with a total load W = 79.6 pounds. The value of M/WRy
for the ring is given by M/WBy = 0.00263 (n, + ng). The
ratio 1/Dy is 1.00, and the ratio t/d4 1is 0.102. From
figure 24 the factor ¥ equals 0.93. The loads W/2 were
applied at a distanée b/Ry = 2.50 <from the center line.
In table X are shown' the values of M/WRy for this model.
These values are plotted in figure 28. F¥From these results

§ —rrrva—
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1t is seen that the structure would be more efficient if the
top of the ring were lightened as compared with the sec-~
tions down*near the wing roct _ o -

Test of Model 9 o

Many fuselage structures ‘are elliptic rather than cir-
cular in section. A4 ‘test was made of an ‘elliptic ring
model, model 9, to show application of the method to 2llip-
tic ringss The model was constructed by first laying out
a metal template 0.032 inch under size on both’ the inner
. and the outer edges. The model was then cut in ‘the same.
manner as the flying-boat- oulkhead model previously de-
scribed. ‘The major diameter of the neutral axis of the
ellipse was 3,66 inches and the minor diﬂmeter was 2.70
inches. A nondimensional plot of moments for the circular
* rings was obtalned by dividing the moment by ‘the load _
times the radius. Since the radius of the circle may be

considered as equal to «/A/ﬁ, in order %o obtain a non-
dimensional plot of the moments for the elliptic ring, the

moments were divided by W ./A/m = «a b, where a is the

somima jor axig and b -is tho. semiminor axis. In order to
obtain a correction factor from figure 24, the - 1/Dy - ratio

1,13 - -
- = = 0¢36‘ Tho
was considered to be equal to 2 J- B 142 - :

ratio. t/d for: this test was 0,067. Then, from figure 24,
F = 0.92.- In figure: 30 is shown a drawing of the model . -~
and a definition of the angle . The fringe pattern for
model 9 isg shown.in figure 31. In table XI are gziven the

' ' . M
calculations. for W J;_' These values are. plotted in fig—

ure 30, It should be noted that these values will bs ap-
plicable only, however, to .an elliptic ring with a ratio

a/b equal to . %+%% or 1,355,

Teg% of Modei 7

) In' figure B were shown the ordinates and a drawing of
the flying~boat-tulkhead model 7. Also on this figure is
shown a drawing of the brass templnte used for cutting the

model. The neutral axis of this model is geometrically
similar to the neutral axis on a typical full-gcale flying-
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boat "bulkhead for which data were avallable. The dimension
d of the model is such that the ratlo between momanks of
inertia of any two sections on the model is-the same asg the
ratio between moments of inertla of any two corresponding
fullwscale sections. In figure 32 is shown the model set
up for test. Loads were applied to steel straps. ILoads
from the stesl straps were distributod to rubber spacers
which, in-turn, distributed the loads to the model. The
loading condition represents an equally distributed load
over the bottom of the hull of 2.505 pounds per inch on

the bottomy- or a total load of 115.2 pounds. A4s for the
case of. tho elliptic-ring, in order %o make a nondimen~
-sional plot, the moments were divided by the product

L/m, where A  is equal %o the imcluded area inside

the noutral axis of the model. For this model, A = 8.70
square inches. The length of the cantilever support was
2,20 inches and the thickness of the skin was O, 020 inch.,

The value'of ' was 0.393 d2 (nc + mg). In figure
W«/A/ - .

33 is shown the fringe pattern under the loading condition

described. The caleculations for determining the corrected

values of for this model are given in table XII,
. W./A?w €

As the depth of the ceross. section was not a constant, the
value of t/d varled and, consequeptly, the factor T as
determined from figure 24 also varied., -The moment curve
for this bulkhead 1s plotted in figure 34.

DETERMINATION OF SHEAR FORCES AND AXIAL LOADS

IN THE BULKHEADS

The technique and the examples given have emphasized
the method of determination of moments in the bulkheads.
In general, if the moments are known at all sections and
the external shear reaction in the skin is determlned by
the usual methods, from principles of statliocs the axial
loads and shear forces in the bulkheads may be.-determined.
The shear force at any seéction in the bulkhedd, however,
-may also be obtained from the glope of the moment diagram.
For instance, i1f the moment in the bulkhead is plotted
agalnst @ as in figure 17, the shear force B is egual

aM
% 3 1, i1 1 t0o 4aM/4a whore
° INET or, in general, 1is equa / 8y

8 1s the distance along the neutral axis of the bulkhoad.
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Axial “loads .at -the sections of maximum moment may be
determined by finding the component of avorage stress par-—
.allel %o the -neutral.axis. In filgure 15 combined stress
duoc to ‘bending -moment and axlal .load is plotted against
the depth of -tho bulkhesd. .The .net area.under this curve

divided Dy the- depth of-the. bulkhead d is equal to the_
unit-streas ‘prodnced by -the axial load.. This average
stress multiplied by . the cross*sectional area will give
the- axial load. L T A -

; At sectipns where tne monent is not e naxinun, an eg-—
tinate ~o0f-the axinl. load nay be obtained by assuming a
linsar: distridbution of bending gtress and taking the aver-
age fringe Qrder qxisting at the sectlon, This average
ng - g
- 2 .
the fringe order on the tension glde is 8.0 and .the fringe
order on the” conpres510n side ig 2.0, the average fringe

order is then ‘8:0 = 2,0 2.0. The avorage stress sgy-
2.0

may ‘be obtnined by taking . If at.a. given sectlion

equals *k “L—“-*Q' - and b1 axial Load P equals -séd.

This nethod of deternining the axial lqad nay be conw
siderably =more:in- ergyor than,bthat nsed for the determlna-
tion of mouents,. . The- detarmination of noments depends on
the sun .of the fringe orders whereas the axial load dcpends
upon the differenceys -as a .resuld,. a suall error iln deter-
nining individual fringe order night causse considerable er-
ror in deternining thie difference. It is suggosted that
1f axial loads arc. desired ' thay be deternined approxinate-
ly by the nethod outlined and checked by use of the equa-~
tions of statics using the values of nonments previously
deterninod.

"GONCLUSIONS

1. ‘It is- believed that the. photoelastlc nethod of
stress analysis discussed Herein 1s rToadily applicable
to the solutlion of ‘the statically indeterninate prodbloms
tnvolved in the stross analysis of bulkheads and that this
nethod is nore accurate than those analytical methods COlle
nonly used.” 7 -

2 12f the bending momqnts, the axial, 1oads, and the
shears are deternined at every’ ‘séction in'a bulkhead, the

A
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stress—analysis problenm involved is then nersly %o check
to see if the full-scale bulkhead has sufficlent noment of
inertia and cross—sectional area to resist these known
forecos and moments.

Oregon Statc College,

Corvallis, Oreg., June 1842. ) T
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TABLE I
DIMENSIONS OF CIRCULAR RING HMODELS
[Symbols defined in fig. 2. All dimensions in in.] i
Ring
model Do Dy Dy a B
1 2.830 2.342 2.586 0.244 0.268
2 2.258 1.738 1.998 .260 .313
3 3.350 2.630 2.980 360" .310
4 4,500 3.510 4,005 .495 .309
4g 4,458 3.482 3.970 .488 . 393
401 4,335 3.629 3.982 ,353 .262
301 3.284 2.742 3,013 .271 .268
201 2.188 1.8486 2.017 L1711 . 269
TABLE Il EE—
RESULTS OF DIAMETRICAL LOAD TESTS
ON MODELS 1, 2, 3, AND 4
[Theoretical M/WRY = 0,1817 (90°). Values of M/WRM are
average of values obtained at 6 = 90° gnd“_ﬁ_f_ﬁ?ooj
¥/ WRy M/ Wy
Model|Test|Load, W | Mean radius Why (Iinear stress |(Computed from
Ry distribution | actual stress
(1v) (in.) assumed) distribution)
1 [(a) | 16.00 1.293 20.68 0.2050 0.2120
2 3 27.30 .999 27.29 .1965 .1965 -
E 3 38.60 1.450 57.50 .2000 .2020
3 51.30 2,002 102.8 .2000 .2005




NACA Technical Note No. 870 23

TABLE TI1II
MEASUREMENT OF LOCATION OF FRINGES, FROM FIGURE 12

[Model 4; test 3; diametrical load, 51.3 1b; origin on
outgide boundary of ring; diameter of ring in photo-

graph, 3,82 in.; actual diameter of ring, 4.50 in.;
ratio of diameters, 4.50/3.82 = 1,178]
Left section Right section
8 = 20° o g = 270°
Fringe Iy fonce ¢ origl Dist £ 1gi
order stanc rom origin stance from origin
_(in,) (1b/sq in.) (in.)
Photographic | Actual Photographie | Actual
-4.5 0 0 «-1330 0 0.
-4 .025 . 029 -1180 .023 .027
-3 .070 .082 -385 .069 .081
-2 .115 .135 -590 .102 .120
=1 .160 .189 -295 .156 .184
0 .200 .36 0 .196 .231
1 . 238 .278 295 . 234 .2%76
2 274 .323 590 » 269 .30%7
3 .308 .363 885 .303 .35%7
4 .340 .400 1180 .334 .394
5 .380 .448 ‘1475 .365 .430
6 | .405 L4777 1771 .398 .469
PLBLE IV
VALUES OF of AND y! HMEASURED FROM FIGURE 12
Digtarce from i ot
origin (in.) (1b/sq 4in.) o! y!
(1) (2).
0 -0.26 ~-1480 285
.04 -.22 ~1270 280
.08 -.18 -~1060 191
12 -.14 ~840 117
.16 -.10 -615 61,5
.20 ~.06 ~385 . 23
.24 -.02 -130 2.6
.28 .02 145 2.9
32 .06 425 25.5
.36 .10 720 72
.40 .14 1030 144
.44 .18 1315 237
.48 .22 650 363
1The symbol y! represents distance from neutral axls.
2The symbol ¢! represents stress due to bending only.
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. TABLE V
RESULTS OF TESTS ON GIRGULAR RINGS
SUPPORTED AS BULKHBADS IN MONOCOQUE SHELLS
[e = 75°]
Skin |[Mean |Ring |Canti-|Taper
Model|Test |Toad, W | thick-|diam~|depth,|lever |angle| ¥ | ¥ b |Fie-
} ness |eter span WEy, Dy a |ure
% DM d
i) (in.) {(in.){(2n.) | (in.) |{(deg)
216 76.00 | 0.020 {1.998|0,260 |0.38 2.5 }0.08910.,188|0.080] 35
. 201 |1 16.05 .010 |2.017| .171 {2.62 2.0 | .1050{1.,300| .058 36
201 | 1 20.60 .010 [2.,017] .171 |2.62 2.0 | .1038{1.300| .058| 37
31 1la | 72.70 .010 {2,980 .360 | .38 .0 | 0945} 128} 028} 38
3| 1a [ 99.00 .010 [2.980} .360 | .38 O | .0935| .128} .028| 39
311 L7.00 .015 {2.980] .360 |2.60 2.5 | .10%30] .872} .02} 40
316 | 77.00 .020 |2.980} .360 | .72 2.5 | .0997 .2l0 »056{ 41
315 47.00 .020 [2.980] .360 {1.10 2.5 | 0983 .369]| 056} 42
314 47.00 .020 |2.980| .360 |1.10 2.5 | .1015] .369| .056 gi
304 7700 .020 |2,980| .360 |1.10 2.5 | 101 .369 .056
315 77.00 .020 |2.980| .360 |1.10 2.5 | .0984}| .,369| .056| U5
3|6 91.10 051 {2.980| .360 | .72 2.5 | .0901L} .240} .142| 46
315 47.00 051 }2.980| .360 {1.10 2.5 | .0930| .369| .12} u7
315 7700 051 {2.980] .360 |1.10 2.5 | .0898| .369| .142| --
315 47.00 .082 |2.980| .360 |1.10 2.5 | .0832] .369| .228| 48
3165 77.00 .082 12.980| .360 {1.10 2.5 | .0860| .369| .228] 49
301 11 27.80 015 {3.013{ .271 |2.62 2.5 | .1020| .870| .056| 50
301 | 1 39.00 w015 [3.013| .271 [2.62 2.5 | +1020] .870| .0R6| 51
T 77.00_ | .020 [4.,005] .495 |1.10 2.5 | .0998| .275{ .0 52
L1 5 8l.20° | .020 {4.005| 495 1,10 2,5 | .0995| .275| .OLO| 53
Y15 1120.00 «020 {4.,005| 495 {1.10 2.5 | .0995] .275} .O40| 20
4| 5 }120.00 051 [4.005{ 495 1,10 2.5 | 0954| .275| 103} 54
Y15 [120.00 .082 [4,005| .495 |1,10 2.5 | .0830] .275| «166| 55
41 5 [158.50 164 {4,005 495 [1.10 2.5 | 0682} 275! .331| 56
ba| 1a | 79.10 .010 [3.970{ ,u88 | .38 .0 | .0955| .096{ .021| B7
Uz} 1a [115.80 .010 [3.970| 488 | .38 .0 | .0952| ,096| .021| 58
Ya| 5 |120.00 .020 13.970} 488 [1.10 2.5 | .0987| .277| .04O| 59
ba| 6 |120.50 .020 3,970} .48% 1,10 2.5 | 0962 .277] .OMO} 60
Ya| 6 139,20 123 13,970 .4g8 1,10 2.5 | .0800} .277| .123| 61
boi | 1 710 .020 13.982| .353 {2.62 2.5 | 097h| .656| .057| 62
hoi | 1 62.00 .020 [3.982| .353 [2.62 2.5 | +0963| .656| .ORT| 63
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TABLE VI
COMPUTATION OF CORRECTION FACTOR
TO BE ALPPLIED FOE SKIN SEEALR STRESS

(1) (2) (3) (4) (5) (6)
‘8. |sin © [1_(11-9) sin © +% cos e] gzizzz E;; ;';ﬁ:.l i ;oz i
R 4|R 4
010.000 -1.500 0.000 0.000}1.000
15| .259 737 -.351 -.015| .999
30| .500 .123 -4.,07 -.170| .989
45] 707 .307 2.30 .096{ .992
60 .esé .560 1.54 .064| .995
75} .966 644 1.48 ,062! .995
90 {1,000 .570 1.76 073 .994
105| .966 .394 2.45 .102| .992
120} .8686 .160 5.36 .223| .975
135| .70% - .09 —7.76 ~.333| .945
150| .500 -.305 ~1.64 ~-.068| .992
165| .259 - .449 -.59 ~.025| .998
180| .000 .000{1.000

-.500
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[Model 4; test 5;
120 1%b:

load,
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TABLE VII

gskin thickness,
origin on outside brundary of ring;

photographic depth, 0.383 in.;

in.; ratio of depths, 0.497/0.383

Xote

FRINGES,

0.020 in.;

870 26
FROM FIGURE 20
diametrical
mean
0.485

mean actual depth,
1.295]

Left section

Right section

Fringe & = 75° g = -75°
order Distance from origin Distance from erigin
_ (in.) (in.)
Photographic | Actunal Phrtographic | Actual

-5.0 0 of 0" 0

-4,0 .025 .0324 .033 . 0427
-3.,0 .061 .0790 .oée .0892
~2.0 .100 .1295 .107 .1385
-1.0 .132 L1721 .145 .1875
0 .170 .220 175 . 226
1.0 .200 .2b9 .205 «285
2.0 .231 .299 .236 .305
3.0 .258 334 . 265 . 343
4.0 .285 .369 +291 .376
5.0 .310 .401 .219 4125
6.0 .336 435 342 .4425
7.0 . 354 .458 .368 4786
8,0 .382 .495
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TABLE VIII

870

MOMENTS FOR CIRCULAR RING MODEL

27

[Model 4; test 5; skin thickness, 0.020 in.; diametrical

load, 120,0 1b., See fig. 25.]
5 n. 4+ n.} dvarege M Co;rected Theoretical
c ¥l ng + ny Way [WRy M/WRy,
(1) (2)
o| TIiIn| sz STt | I | -o.zse
—ig Zi?:ﬁ -13.15 -0.1005 -0.110 -.117
20 :g:; ~3.20 ~.024 -.026 ~.020
-ig $:8 7.00 .054 . 059 .049
_go| 113 | 11.e0 087 095 083
_Zg ig:g 12.95 .099 .108 .102
_38 ii:g 11.75 .090 ©.098 .091
-igg ;3 7,75 - 059 - 064 . 063
_igg g:g 3.50 .028 .031 .025
_Iae :;fg ~1.50 -.012 ~.013 ~.014
150 -4,9
-150 -5,1 | =%.00 -.038 -.042 -.049
_igg :332 -8.15 -.062 -.068 -.072
_180 Tolo | -9.50 ~.073 -.080 - (080
1Corrected by use of correction faector F from fig. 24.

®Theoretical values computed by use of equation from ref-
ersence 2.,
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TLBLE IX
MOMENTS FOR CIRCULAR RING AND PLOOR BEAM MODEL

[Model 8; total load, 61.2 1b]

Corrected Theoretlcal
8 ng, + ng i?eiaie ﬁ%‘ M/WRy M/WRy
¢ T e M (1)

8 ig:z 10.2 0.042 0.045 0.038
_12 218 5.0 .021 .023 .024
~gg :2:8 ~2.5 ~.010 -.011 ~.009
as | 2330 -21.5 | -.088 ~.095 ~.060
80 - -.121
A i o T T {-.ooz
4 s 6.6 | .027 .029 . o34
so | 118 | .r | .ose 050 046
-igg 12:3 9.4 .039 - .042 .042
_128 2;2 4.7 .019 .021 . .027
-igg 1:8 1.0 ,004 .004 .006
-128 :i:g ~4.,3 | -,018 | ~.019 ~.01l2
et ol 7.0 ~.629. ~.031 .07
ﬁigg :318 -8.0 "~ .033 -.036 -.031

1Thsoretical values taken from an unpublished paper dy
Wayne Welsner entitled "Monocoque Fuselage Braced Cir-
cular Ring Analysis®" written in competition for United
Ailr Line Scholarship Awards in 1940. B .
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TABLE X
MOMENTS FOR MAIN-SPAR BULKHEAD MODEL

[Model 6y XB/IE = 1142; 7Pb/By = 2.50]

8 n. % n A%erage M Csrrected
¢ E ng + my Wy M/WRy
75 6.0 : '
6.0 0.016 0,017
-75 6.0
90 "4.1
-‘401 ".Oll ".012
" =890 -d,1
105 ~8,0
"'8 .5 —0022 -.024
-105 9,0 -
120 -8,0
“810 -.021 -.023
-120 «8.,0
1356 -3.8
~3,.6 ~ o009 ~,010
150 2,2
2.1 0086 . 006
-150 2.0
175 5.6
5,5 ,014 .0158
175 5.5
180 7.0
7.0 » 018 .019
~180 7.0
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TABL&E XI
MOMENTS FOR ELLIPTIC RING MODEL

[Model 9; total load, 47.0 1b]

Average M Corrected
o n, + ng ne + ng W/a_b Wf/{_f
a
_g- iz:g 16.5 -0.152 ~-0.165
_12 2:2 8.05 -, 074 -.081
%o I3 -1.80 .016 .018
_ig :2:2 -5.30 .049 . .053
..28 :Zg . ~7.,30 067 073
7 s =7 .25 .067 .073
-gg :;:2 ~7.35 ,058 063
108 a3 ~4.65 043 027
_128 :2;3 -3.00 .028 -, 030
_122 8:8 0.0 .000 . 000
I%0 g 2.95 ~.027 ~.029
_iSS 2:2 5.25 ~.048 "-,052
_igg 2;8 6.00 ~.055 -.,060
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TABLE XII
MOMENTS FOR FLYING-BOAT BULKHEAD MODEL
[Model 7; total load, 115.2 1b]
Aversce 2 " JEarrected
0 ing + ngl, 4 ft a a® | Y | &/a | F M
[«] e
W /A/m ¥ Jilm
0 3.1 3.10(1.030{1.060 10.1288/0.019{0.98| 0,1315
10 4,5 .
~10 4.2 4,35 .850] .722 .1235| .024] .98 .1260
20 6.2 :
-20 5.8 6,00 .700} .,490 .1155] .029| .97 .1190
80 8.3 8.40 58 3 115¢ 03 g7 11
~30 8.5 . .585| .342 . 0} .034]| . .1160
40 11,0 -

~40 11,0 11,00| .440| .194 .0838 ,046| .96 .0874
50 14.5

-50 14.0 14,251 .295| .087 .0477| .068| .95 .0498
60 0,0

-60 0.0 .00 .304| .092 .0000}| .066| .95 . 0000
70| 3.0

~70 3.0 ~-3,00| .480} .221 |-.0261} .042| .96} -,0272
~80| -13,0 -13.00} .280} .078 |-.0398] .071} .95| ~.0419
100} -10.0

-100 “9.0 -9.50| .255| .065 |-.0243} .078} .94} -.0258
120| =4.0 .

~-120 ~5,0 -4.,50! .255} .065 {-,0115| .078| .94 | -.0122
140 "'.0

~140 -0 .00 .260 1! ..0876| .0000| .077}| .94 .0000
160 3.1

-150 2.0 2,55} .295} .,087 | .,0087| ,068| .95| .0091
160 B.5

~160 3.7 4..60| .260| .0876) .Ol22| .077| .94} .0130
170 5.6 .

-170 5.2 5,401 .255} ..065 ..0138} ,078 f94 .014%
180 5.7 5,70 .0625| ,0146]| ,080| ,93 L0157

250
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Figure 3.~ Bulkhead models.

Figs. 1,3
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Figure 2.~ Ring model dimensions.

Fig. 2
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Figure 7.- Model being cut in vertical mill,
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+

.8 r _
(deg) | (in.)|(in.)
ol1.38 [1.030
10(1.33 | .850
20|1.32} .700
30{1.35| .585
40|1.43 | .440
50{1.56 | .295
60/1.73 | .304
70|1.84| .480
80{1.69| .280
100{1.50| .255
120{1.50{ .255
140]1.72| .260
150|1.84( .295
160{1.86{ .260
170|1.82] .255
180]1.81} .250

Fig. 5

= 2.017

Neutral axis

Brass tpmplate
0.033" unicrsize
on all, edges

Pigure 5.- Flying-boat bulkhoad.
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Figs. 6,9
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Figure 8.~ Mounting of elliptic bulkhead model.

Figure 10.~ Ring model loaded for test.
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Figure 1ll.=-
Ring model
under dia-
metriocal
load.

Figure 32.-
Model 7
loaded for
test.



Mopsr No. 4
Tesy No. 3

DinmME TRICAL
Loap=5/3 %

Figurs 13.~ Photoelantic fringe pattern
for model 4, test 3.
Diametrical load, 651.3 pounds.

—

CALIBRATION BESM
TesT No's, 3 ane 4

Figure 13.- Photoelastic Iringe pattern for
oallbration beam loaded at
quarter-span points.

Mooe1. No. 4
Test No. &

Loap = [20%#
Qo270 sKiN

Figure 20.- Photoelastic fringe pattern for
model 4, teat 5. Skin thicknees,
0.080 inoh; diametrical load., 130 pounds.

77N

Figure 27.~ Photoelastic fringe pattern for
. model 8. Total load, 61.3 pounda.
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Figure 18.-~ Mohr's circle diagram of stress for cdge of
bulichoad attached to skin.
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Figs. 24,25
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Figure 29.~- Photoelastic fringe pattern for

model 6. Figure 33.- Photoelastic fringe pattern for
model 7. Load, 115.2 pounds.
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Figure 35.~ Model 3, test 6; skin thickness,
0.030 inch} load, 76.00 pounds.
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Figures 36,37,38,39.- Photoelaatlc fringe
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patterns for circular ringe vested. (Bee table V.)
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Figures 44,45,46,47.~ Photoslastic fringe patterns for circular rings tested, (See tabls V.)
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Figures 48,49,50,51,~ Photoelastio fringe patterns for circular
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rings tested. (See table V.)
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Figures 63,63,54,56,~ Photoslastic fringe pattarns for circular ringe tested. (See table v.)
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Figures 56,57,568,58,~ Photoelastic fringe patterns for ciroular rings tested. (See table V.)

"Of 930N TROYUIOOL VOVH

048

The
black
and
white

of the
pattern
is the
Teveras
of the
original.

831y

8a‘gc L8 og




', 0.0205KIN
120.5 ¥lanp

Fig. 63

Sk 0,13
hoAD 139,32,

"~

iy

Mooxe Nodol
7Egr L/9/
0.0%0 Sins

LoAp 2g2.0

Figures £0,81,62,63.,~ Photoelastic fringe pa.t.terné for circular rings tested. (See table V.)
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